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DWDIDVWHUUDWH 0DFKLQLQJRIVLOLFRQZDIHUV KDV KLJKDSSOLFDWLRQLQ0(06LQGXVWU\0DQ\HVWDEOLVKHGSURFHVVHV OLNH
OLWKRJUDSK\FKHPLFDOHWFKLQJDUH DYDLODEOHIRULPSULQWLQJFRPSOLFDWHGIHDWXUHVRQ VLOLFRQ ZDIHUV%XWPRVWRI WKHVH
SURFHVVWDNHV PRUHWLPHDQG DUH H[SHQVLYH(&'0SURYLGHV DQDOWHUQDWLYHWHFKQRORJ\ IRUPDFKLQLQJFRQGXFWLQJDQG





















(&'0 FRPELQHV WKHEDVLFSULQFLSOHV RI(OHFWUR 'LVFKDUJH 0DFKLQLQJ('0 DQG(OHFWUR &KHPLFDO 0DFKLQLQJ
(&0 PDNLQJLWDK\EULGPDFKLQLQJSURFHVV 7KHFKDUDFWHULVWLFRI(&'0SURFHVVLV HQWLUHO\ GLIIHUHQW IURPWKDWRI
('0DQG(&0 SURFHVV ZKHQ SHUIRUPHG LQGHSHQGHQWO\ 7KH SURGXFWLYLW\ RI(&'0 LV PXFK KLJKHU WKDQ WKDW RI
(&0RU('0 SURFHVV 0FJHRXJK HWDO ,Q(&'0WKHPDWHULDO LV UHPRYHG E\WKHUPDO PHOWLQJ DQGFKHPLFDO
HWFKLQJ SURFHVVHV LQ ZKLFK WKH GLVFKDUJH WDNHV SODFH IURP WRRO WKURXJK WKH HOHFWURO\WH 7KH HOHFWULFDOO\ QRQ
FRQGXFWLQJZRUNSLHFH LVNHSW MXVW EHORZWKH WRRO LQVLGH WKHHOHFWURO\WHZKHUH WKHVSDUNZLOODSSHDU$ WKHRUHWLFDO
PRGHOZDVSURSRVHGE\ %DVDN DQG *KRVK  WKURXJKZKLFKWKH\H[SODLQHGWKHPHFKDQLVPRIVSDUNJHQHUDWLRQ
GXULQJ (&'0 7KH\ KDG UHSRUWHG WKH GLVFKDUJH SKHQRPHQRQ DV D VZLWFKLQJRII SURFHVV LQ DQ HOHFWULF FLUFXLW
%KDWWDFKDU\\DHWDO  GHVLJQHGDQGGHYHORSHGDPRGXODU 0HFKDWURQLFV PDFKLQLQJVHWXS ZKLFKFDQPDFKLQH
FHUDPLF PDWHULDOV 3DXO DQG +LUHPDWK  KDG FDUULHG RXW UHVSRQVH VXUIDFH PRGHOLQJ 560 RI (&'0 ZLWK
SXOVDWLQJ'& WR VWXG\ WKH HIIHFW RI YDULRXV SURFHVV SDUDPHWHUV RQPLFUR KROH DQG PLFUR FKDQQHO PDFKLQLQJ IRU
0DWHULDO5HPRYDO5DWH0557RRO:HDU5DWH7:5+HDW$IIHFWHG=RQH+$= DQG 'LDPHWUDO 2YHUFXW'2&
7KH\IRXQGWKDWWKDWWHPSHUDWXUHRIWKHHOHFWURO\WHHIIHFWPLFURPDFKLQLQJ 055 GHFUHDVHV DWKLJKHUGHSWK GXHWR
ORZHUVSDUN ZKLFKZDVGXH WRXQDYDLODELOLW\RIHOHFWURO\WH 3DXODQG+LUHPDWK  /LMR3DXOHWDO DOVR
UHSRUWHGWKDWKLJKHU IUHTXHQF\ DW ORZGXW\IDFWRU ZLOOLQFUHDVH055ZLWKUHGXFWLRQLQ+$= 'XW\IDFWRULVIRXQGWR
EHDSUHGRPLQDQW IDFWRU DIIHFWLQJWKHPDFKLQLQJFKDUDFWHULVWLFV 5DQJDQD\DNXOXHWDO  GHYHORSHGDQ(&'0
VHWXSIRUPLFURPDFKLQLQJRIDFU\OLFSODWH7KHVRIWFRPSXWLQJWHFKQLTXHRI$UWLILFLDO1HXUR)X]]\,QIHUHQFH6\VWHP
$1),6 ZDV XVHG IRU PRGHOLQJ DQG IRXQG WKDW YROWDJH KDG SUHGRPLQDQW HIIHFW RQ 055 WKDQ HOHFWURO\WH
FRQFHQWUDWLRQDQGWRROIHHGUDWH
.XONDUQL HW DO  D FRQGXFWHG H[SHULPHQWV LQ (&'0 ZLWK WLPHYDU\LQJ FXUUHQW DQG SURSRVHG WKDW WKH
WHPSHUDWXUH ULVH FRQWULEXWHV WR PDWHULDO UHPRYDO LQ (&'0.XONDUQL HW DO  E DOVR IRXQG WKDW LVRODWLRQ RI
FDWKRGHWLSRFFXUUHGGXHWR ILOPRIK\GURJHQJDVEXEEOHVLQWKHHOHFWURO\WH DQG D KLJK G\QDPLFUHVLVWDQFHJHWIRUPHG
UHVXOWLQJ LQ VWRSSDJH RI WKH FXUUHQW WKURXJK WKH FLUFXLW -:/LX HW DO  KDG PDFKLQHG SDUWLFOH UHLQIRUFHG
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DOXPLQLXP DOOR\ ZLWK ZLUH HOHFWURFKHPLFDO GLVFKDUJH PDFKLQLQJ DQG IRXQG KLJK055 DW KLJK LQWHQVLW\ FXUUHQW
VXSSRUWHGE\KLJKHUHOHFWURO\WHFRQFHQWUDWLRQDQGGXW\IDFWRU 7KH\IRXQGVLPLODULW\LQWKHFUDWHUVIRUPHGLQ(&'0
DQG('0SURFHVVZLWKUHFDVWHIIHFWVGXHWRWKHVLGHVSDUNV 7KH SKRWRJUDSKVRIWKHWRROHOHFWURGHXQGHUGLIIHUHQW
UHJLPHV ZLWK JODVVKDYH EHHQ WDNHQ E\)DVFLRHWDO  XVLQJFXUUHQWYROWDJHPHDVXUHPHQWV)DVFLRHWDO 
DOVR IRXQG WKDW ZKHQ WKH FRQVWDQW '& YROWDJH DSSOLHG ZDV EHORZ D FULWLFDO YDOXH HOHFWURO\VLV RFFXUUHG ZLWK
IRUPDWLRQ RI K\GURJHQ EXEEOHV DW WKH FDWKRGH DQG R[\JHQ EXEEOHV DW WKH DQRGH $W WKH FULWLFDO YROWDJH FXUUHQW
GHQVLW\JRWLQFUHDVHGUDSLGO\ 'XHWRKLJK GHQVLW\DQGWKH KLJK PHDQUDGLXV WKH EXEEOHVFRDOHVFHGLQWRDJDVILOP
DURXQGWKH FDWKRGHHOHFWURGH 7KH HOHFWULFDO GLVFKDUJH EHWZHHQ WKHWRRODQG HOHFWURO\WHZDVVHHQOLNHDOLJKWHPLVVLRQ
LQ WKH JDV ILOP DQG FHOO FXUUHQW JRW GURSSHG :XKULFK DQG )DVFLR  $W WKH FULWLFDO YROWDJH WKH GLHOHFWULF
EUHDNGRZQRI WKH JDVHRXV PHGLXPRFFXUUHG ,WZDV IROORZHGE\EXEEOHJHQHUDWLRQDVZHOODVZDWHUYDSRUL]DWLRQ
0DFKLQLQJRIPDWHULDOVRFFXUUHGGXH WRPHOWLQJYDSRULVDWLRQRIZRUNSLHFHPDWHULDOVE\VSDUNDQGSDUWLDOO\GXHWR
FKHPLFDOHWFKLQJ &DRHWDO  ZHUHDEOHWRSURGXFHPLFURKROHVRIGLDPHWHUPLQJODVVZLWK(&'07KH\
KDGXVHGORDGFHOORIPLOOLPHWUHUDQJHWRPDLQWDLQJDSEHWZHHQWRRODQGZRUNSLHFH7KH\DOVRUHSRUWHGWKDWSXOVH
FLUFXLWLPSURYHVWKHVXUIDFHTXDOLW\RIPDFKLQHGVXUIDFH
)URP WKH GHWDLOHG OLWHUDWXUH VWXG\ LW LV IRXQG WKDW PDQ\ UHVHDUFKHUV KDYH WULHG WR PDFKLQH RQ YDULRXV QRQ
FRQGXFWLQJPDWHULDOVZLWK(&'0SURFHVV IRUTXDOLW\FKDUDFWHULVWLFV0RVWRI WKHZRUNV DUH UHSRUWHGZLWKJUDYLW\
IHHGPHFKDQLVP7KHRUHWLFDOPRGHORIWKH(&'0LVSDUWLDOO\GRQHE\UHVHDUFKHUVWR XQGHUVWDQG WKHHIIHFWRISURFHVV
SDUDPHWHUVRQRXWSXWUHVSRQVHV9HU\OHVVZRUNLVUHSRUWHGRQVHPLFRQGXFWLQJPDWHULDOVZLWKFRQVWDQWYHORFLW\IHHG
PHFKDQLVP 6R WKH SUHVHQW ZRUN FRQFHQWUDWH PRUH RQ WKH DGYDQWDJHV FRQVWDQW YHORFLW\ IHHG PHFKDQLVP IRU
PDFKLQLQJVLOLFRQZDIHUDVHPLFRQGXFWLQJPDWHULDOZLWK055 '2& DQG+$=DVRXWSXWUHVSRQVHV ,Q WKLV SDSHU
RSWLPLVDWLRQ DQGFRQVROLGDWLRQ WKHYDULRXVSURFHVVSDUDPHWHUV DUH GRQHZLWK *UH\5HODWLRQDO$QDO\VLV *5$ IRU
JHWWLQJPD[LPXP055ZLWKPLQLPXP '2& DQG +$= $OVRPLFUR VWUXFWXUDO EHKDYLRXURI VLOLFRQ ZDIHUV XQGHU
YDULRXVSURFHVVSDUDPHWHUVDUHDOVRHQOLVWHGLQGHWDLO  'HQJ 
 (&'0SURFHVV




7KHZRUNSLHFHZDV NHSWPPEHORZWKHWRROZLUHFDWKRGH $KLJKYROWDJH '&SRZHU VXSSO\ 9ZDV XVHG
IRUPDFKLQLQJDQGDTXHRXVVROXWLRQRIK\GUR[LGHV ZHUHXVHGDVHOHFWURO\WHLQ(&'0FHOO)LJE HODERUDWHVWKH
ZRUNLQJSULQFLSOHVRI(&'0 SURFHVV$VYROWDJH ZDV LQFUHDVHGLQWKHUDQJHRI9QRUPDOHOHFWURO\VLVZLWKJDV
EXEEOHVDWHOHFWURGHVJHWSURGXFHG:KHQWKHYROWDJH ZDV IXUWKHU LQFUHDVHGWRKLJKHUYROWDJHDFULWLFDOPD[LPXP
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FXUUHQWYDOXH ZDV UHDFKHGDV VKRZQLQ ILJXUH7KLVZDV GXH WRKLJK LQWHQVLW\RI K\GURJHQ EXEEOHV UHOHDVHGDW WKH
FDWKRGHJHWWLQJ FRDOHVFHGWRIRUPDILOPRQWRROWLS:LWKIXUWKHULQFUHDVHLQYROWDJHFXUUHQWJRW GURSSHGWRDORZHU
YDOXH GXHWRILOPIRUPDWLRQRIJDV EXEEOHV )XUWKHULQFUHDVHLQYROWDJHUHVXOWHG LQEUHDNLQJRIJDVILOPZLWKUHOHDVH
RIVSDUN GXHWRKLJKLQWHQVLW\IORZRIHOHFWURQVIURPFDWKRGHWR HOHFWURO\WH
 ([SHULPHQWDO VHWXS
$QLQKRXVH SURWRW\SHPRGHORI(&'0VHWXSZDVGHVLJQHGDQGIDEULFDWHG DVVKRZQLQ )LJ 7KHH[SHULPHQWDO
VHWXS RI(&'0 FRQVLVWVRI;<VFDQQLQJVWDJHPRXQWHGRQWKHEDVHSODWIRUPZKLFKLVXVHGWRPRYHZRUNSLHFHLQ
VHWXSFRQVLVWRI ;<VWDJHRQZKLFKZRUNSLHFHLV IL[HG 7KHPRWRUL]HGOLQHDUDFWXDWRULVXVHGWRIHHGWKHWRROLQ=




0LFURPDFKLQLQJLVGRQH ZLWK VWDLQOHVVVWHHO ZLUHVRI  PGLDPHWHU DVWRRO ZKLFK LVNHSWDWDQLQLWLDOJDSRI
PPIURPWKHZRUNSLHFHVXUIDFH 0LFUR KROHV DUHPDFKLQHGRQ VLOLFRQZDIHUV E\PRYLQJWKHWRRO HOHFWURGHLQ=
GLUHFWLRQXVLQJOLQHDUDFWXDWRUDWDFRQVWDQWIHHG  V ([SHULPHQWVDUHFDUULHGRXWXVLQJGHVLJQRIH[SHULPHQWV
EDVHGRQ7DJXFKL/ RUWKRJRQDODUUD\ZLWKSURFHVV SDUDPHWHUV DV YROWDJH 9HOHFWURO\WHFRQFHQWUDWLRQ& DQG 'XW\
)DFWRU ') ZKLFKDUHYDULHG LQ WKUHH OHYHOV 0DWHULDO5HPRYDO5DWH055 'LDPHWUDO 2YHUFXW '2& DQG +HDW
$IIHFWHG =RQH +$= DUH WDNHQ DV RXWSXW UHVSRQVHV 7KH H[SHULPHQWDO UHVXOWV REWDLQHG LQ DFFRUGDQFH ZLWK
RUWKRJRQDODUUD\DUH VKRZQLQ 7DEOH
055LVFDOFXODWHGE\WDNLQJWKHGLIIHUHQFHLQZHLJKWRIWKHVSHFLPHQZLWKUHVSHFWWRWLPH '2& LVPHDVXUHGDV
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 &KHPLFDOUHDFWLRQV
7KHVLOLFRQZDIHUXQGHUJRHVFKHPLFDOUHDFWLRQDVVKRZQLQ (TXDWLRQ 3UDNDVKDQG7XOL 
6LQFH KROH LVPDFKLQHG LQPLFUR UDQJH VPDOO DUHD VXURXQGLQJ WKH KROH XQGHUJRHV FKHPLFDO HWFKLQJ XQGHU WKH
LQIOXQFHRIKLJKWHPHSHUDWXUHGLVFKDUJHVSDUN7KH055LVPDLQO\GXHWRVSDUNHURVVLRQDQG HWFKLQJRIPDWHULDOVLV





WDNHQIRUWKHVWXG\DUH 055 '2&DQG+$=6LQFHPD[LPXPP055ZLWKPLQLPXP '2& DQG+$=LVUHTXLUHG
PXOWLREMHFWLYHRSWLPLVDWLRQZLWK*5$ LV WDNHQ IRU WKHSUHVHQW VWXG\ WRREWDLQ VLQJOHREMHFWLYH VROXWLRQ /LQDQG
/HH   ,Q WKLVPHWKRGUDQNLQJ LVVHOHFWHGIRURSWLPLVDWLRQUDWKHU WKDQUHDOYDOXHV7KHYDULRXV VWHSV LQ*5$
LQFOXGHV QRUPDOLVDWLRQ RI YDULRXV SURFHVV SDUDPHWHUV IRU FDOFXOWLQJ JUH\ UHODWLRQDO FRHIILFHLQW *5& 7KH*5&




 &DOFXODWLRQRI VLJQDOWR QRLVH61UDWLRV
7KH 61  UDWLRV DUH FDOFXOWHG IRU HDFK RI WKH UHSVRQVHV GHSHQGLQJ RQ PD[LPLVLQJ RUPLQLPLVLQJ FRQGLWLRQV ,Q
SUHVHQW ZRUN055 LV PD[LPLVHG DQG '2& DQG +$= DUH PLQLPL]HG IRU RSWPDO FRQGLWLRQ 6R ODUJHU WKH EHWWHU
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)RU '2& DQG+$= (TXDWLRQ LV XVHGWR61UDWLRFDOFXODWLRQ
615DWLR  
ZKHUH Q QXPEHURIUHSOLFDWLRQV
LM\  REVHUYHGUHVSRQVHYDOXHZKHUH L «QM «N
7KH61 UDWLRYDOXHV REWDLQHG DUH FRQYHUWHG WR QRUPDOLVHG YDOXHV=LM   LM=d d  XVLQJ (TXDWLRQVDQG7KH
QRUPDOLVHGGDWDLVPRUH HYHQO\ GLVWULEXWHGZLWKRXWXQLWVDQGLVXVHGIRUIXUWKHU DQDO\VLV)RU 61UDWLRZLWKODUJHU
WKH EHWWHU W\SH (TXDWLRQ  LV XVHG DQG (TXDWLRQ  IRU VPDOOHU WKHEHWWHU W\SH FDVHV7KH FDOFXODWHG YDOXHV DUH
JLYHQLQ 7DEOH
7KHFDOFXODWHGYDOXHVRI61UDWLRDQG FRUUHVSRQGLQJ QRUPDOLVHGYDOXHDUHJLYHQLQ7DEOH
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:KHUH  RL N' LV WKHGHYLDWLRQ VHTXHQFH DQG 9 LV WKH LGHQWLI\LQJ FRHIILFLHQW DQG LWV YDOXH YDULHV IURP WR 
9DOXH RI  9  LV WDNHQ LQ SUHVHQW VWXG\ 7KH *5* LV FDOFXODWHG IURP *5& E\ WDNLQJ WKH DYHUDJH *5&
FRUUHVSRQGLQJ WR HDFK SHUIRUPDQFH FKDUDFWHULVWLFV *5* LV H[SUHVVHG XVLQJ (TXDWLRQ  DQG REWDLQHG YDOXHV DUH
JLYHQLQ 7DEOH 
$UDQNLQJRUGHU LV REWDLQHGEDVHGRQ WKH *5*YDOXHVDQGVHWZLWKKLJKHVW*5*YDOXH LVFRQVLGHUGDVEHVW
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)URPWKHPDLQHIIHFWSORWJUDSKLWLVIRXQG WKDWWKHRSWLPXPSDUDPHWHUOHYHOLVDWDYROWDJHRI 9FRQFHQWUDWLRQRI
DQGGXW\IDFWRURI KDYLQJPD[LPXP 055 ZLWK ORZHU+$=DQG '2& DQGFRQILUPDWLRQWHVWLVGRQH
IRUWKHVDPH
([SHULPDWDO UHVXOWV
)LJ D VKRZV WKH 6FDQQLQJ (OHFWURQ 0LFURVFRSH 6(0 LPDJH RI RQH RI WKH PDFKLQHG PLFUR KROHV ZLWK
SURFHVVSDUDPHWHUV DWZWRI1D2+ $VYROWDJH LQFUHDVH IURPWR9VLGHVSDUNJHWUHGXFHGVORZO\DVFDQ
EHHQ VHHQLQUHGXFWLRQRI PLFUR FUDFNV RQPDFKLQHGVXUIDFHDW9LQ)LJE :KHQYROWDJHIXUWKHU LQFUHDVHV
+$=JHW LQFUHDVHG GXHWR KLJKHU WHPSHUDWXUHIURPKLJK LQWHUFLW\ VSDUNDVVKRZQLQ)LJ  F6R YROWDJH LQFUHDVH
UHVXOWVLQ FKDQJH IURPVSDUNWRDUFUHVXOWLQJLQ KLJKHU +$=
5DGLXVRIRYHUFXWLV PHDVXUHGXVLQJ6(0LPDJHV DQGSURFHVVHGZLWK 0DWODE FRGLQJ $VVKRZQLQ)LJ VLGH
VSDUNKDVFUHDWHGKHDWDIIHFWHG]RQH+$=DORQJ WKH HQWUDQFH DQGDWH[LWVRI WKHPLFURKROHV 7KURXJK KROHVDUH
SURGXFHG LQ DOO WKUHH FDVHV GXH WR DYDLODELOLW\ RI HOHFWURO\WH DW KLJKHU GHSWK  SURGXFLQJ FRQWLQXRXV VSDUN DQG
FRQGXFWLYLW\RIVLOLFRQZDIHUV+$=DQG '2& DUHIRXQGWREHORZHUDW9DQG')
$VFRQFHQWUDWLRQRIWKH HOHFWURO\WH LQFUHDVHV WR  WKH VLGHVSDUNLVUHGXFHGGXHWRKLJKHUFRQGXFWLYLW\RIWKH
HOHFWURO\WHDQGPLFURFUDFNVRQVXUIDFHJHW UHGXFHGDV VKRZQ LQ)LJ D $VYROWDJH LQFUHDVHV WR9+$= LV
IRXQGWRJHW LQFUHDVHG DVVKRZQLQ)LJE$VWKHFRQFHQWUDWLRQLQFUHDVHVLRQLFGHQVLW\LQFUHDVHVUHVXOWLQJLQPRUH
HWFKLQJ SURGXFLQJPLFURFUDFNV DVVKRZQLQ)LJF
)LJ VKRZVWKH6(0LPDJHRIWKHPDFKLQHGPLFURKROHV DW  ZWRI HOHFWURO\WH$W KLJKHUFRQFHQWUDWLRQPLFUR
FUDFNVDUHPRUHDWORZHUYROWDJHDVVHHQLQ ERWWRPLPDJHLQ )LJ D$VYROWDJH LQFUHDVHV VLGHVSDUNJHWUHGXFHG
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)URPWKH GHWDLOHG H[SHULPHQWDO VWXG\LWLVIRXQGWKDWKLJKHUFRQFHQWUDWLRQRIWKHHOHFWURO\WHUHGXFHVWKHVLGHVSDUN
WKHUHE\UHGXFHVWKH '2& DQG+$=$OVRPLFURFUDFNIRUPDWLRQLVPRUHDWKLJKHUFRQFHQWUDWLRQGXHWRKLJKHUOHYHO
FKHPLFDOHWFKLQJ WKHUHE\PDNLQJ WKH VLOLFRQZDIHUPRUH EULWWOH'XW\ )DFWRU ') VHHPV WR JUHDWO\ DIIHFWLQJ WKH
+$=DVORZHU') UHGXFHV+$=VLQFHFRROLQJRI WKH ZRUNSLHFH E\HOHFWURO\WH WDNHV SODFHZKHQWKHVSDUNRQWLPHLV
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 &RQFOXVLRQV
(&'0 SURFHVV LV GRQH RQ VLOLFRQ ZDIHU ZLWK VWDLQOHVV VWHHO ZLUH WRRO RI GLDPWHU P ZLWK 1D2+ DV
HOHFWURO\WH 0LFUR KROHV DUH PDFKLQHG ZLWK YROWDJH FRQFHQWUDWLRQ RI HOHFWURO\WH DQG GXW\ IDFWRU DV SURFHVV
SDUDPHWHUV055 '2& DQG+$= DUH WDNHQ RXWSXW UHVSRQVHV RI WKH SURFHVV 0DLQ FRQWULEXWLRQ LQ SUHVHQW ZRUN
LQFOXGHV
x $QLQKRXVHEXLOWSURWRW\SHPRGHORI(&'0ZDV GHYHORSHGZLWKPLFUROLQHDUDFWXDWRUVDQG;<VFDQQLQJGHYLFH
WR PDFKLQH PLFUR KROH LQ VLOLFRQZDIHU
x 'HVLJQRIH[SHULPHQWVWRSHUIRUPWKHH[SHULPHQWVZKLFKDUHRSWLPLVHGXVLQJPXOWLREMHFWLYHRSWLVDWLRQRI*5$
DQGUHVXOWV FKDUDFWHULVDWLRQ XVLQJ6(0LPDJHV
x 055 GHSHQGVRQDSSOLHG YROWDJHKLJKHUWKHYROWJHKLJKHUWKH055
x ,Q RUGHU WR UHGXFH '2& DQG +$= YROWDJH VKRXOG EH DW RSWLPXP DURXQG  9 DQG HOHFWURO\WH FRQFHQWUDWLRQ
VKRXOGEHZLWKORZHU')RI7KLVZLOOUHGXFHWKHVLGHVSDUNIRUPDWLRQWKHUHE\UHGXFH+$=
x 0LFURFUDFNDUHDOVR UHGXFHG E\UHGXFLQJWKH')
5HIHUHQFHV
%DVDN DQG *KRVK $  0HFKDQLVP RI VSDUN JHQHUDWLRQ GXULQJ HOHFWURFKHPLFDO GLVFKDUJH PDFKLQLQJ D WKHRUHWLFDO PRGHO DQG
H[SHULPHQWDOYHULILFDWLRQ-RXUQDORI0DWHULDO3URFHVVLQJ7HFKQRORJ\±
%KDWWDFKDU\\D%'RORL%1 DQG 6RUNKHO 6.  ([SHULPHQWDO LQYHVWLJDWLRQV LQWR HOHFWURFKHPLFDO GLVFKDUJHPDFKLQLQJ (&'0 RI
QRQFRQGXFWLYHFHUDPLFPDWHULDOV-RXUQDORI0DWHULDO3URFHVVLQJ7HFKQRORJ\±
&DR;'.LP %+DQG &KX&10LFURVWUXFWXULQJRIJODVVZLWK IHDWXUHV OHVV WKDQPLFURPHWHUE\HOHFWURFKHPLFDOGLVFKDUJH
PDFKLQLQJ3UHFLVLRQ(QJLQHHULQJ
'HQJ-/,QWURGXFWLRQWR*UH\V\VWHPV-RXUQDORIJUH\V\VWHPV
)DVFLR9/DQJHQ ++ %OHXOHU+ DQG&RPQLQHOOLV &  ,QYHVWLJDWLRQVRI WKH VSDUN DVVLVWHGFKHPLFDO HQJUDYLQJ(OHFWURFKHPLVWU\
&RPPXQLFDWLRQV  ±
)DVFLR 9:WKULFK  5 DQG %OHXOHU +  6SDUN DVVLVWHG FKHPLFDO HQJUDYLQJ LQ WKH OLJKW RI HOHFWURFKHPLVWU\ (OHFWURFKLPLFD $FWD
±
.XONDUQL$6KDUDQ5DQG/DO*. D0HDVXUHPHQW RI WHPSHUDWXUH WUDQVLHQWV LQ WKHHOHFWURFKHPLFDOGLVFKDUJHPDFKLQLQJSURFHVV
$,3 &RQI3URF 






0FJHRXJK-$.KD\U\$8DQG0XQUR:  7KHRUHWLFDODQGH[SHULPHQWDO ,QYHVWLJDWLRQRI WKHUHODWLYHHIIHFWVRIVSDUNHURVLRQDQG
HOHFWURFKHPLFDO GLVVROXWLRQLQHOHFWURFKHPLFDODUFPDFKLQLQJ$QQDOVRIWKH&,53 
3DXO/ DQG+LUHPDWK66 &KDUDFWHUL]DWLRQRI0LFUR&KDQQHOVLQ(OHFWURFKHPLFDO'LVFKDUJH0DFKLQLQJ3URFHVV $SSOLHG 0HFKDQLFV
DQG0DWHULDOV
3DXO / DQG+LUHPDWK 6 6  5HVSRQVH 6XUIDFH0RGHOOLQJ RI0LFUR+ROHV LQ (OHFWURFKHPLFDO'LVFKDUJH0DFKLQLQJ 3URFHVV 3URFHGLD
(QJLQHHULQJ  ± 
3DXO / DQG +LUHPDWK 6 6DQG 5DQJDQD\DNXOX -  ([SHULPHQWDO LQYHVWLJDWLRQ DQG SDUDPHWULF DQDO\VLV RI HOHFWURFKHPLFDO GLVFKDUJH
PDFKLQLQJ ,QW-0DQXIDFWXULQJ7HFKQRORJ\DQG0DQDJHPHQW ,QSUHVV
3UDNDVK 6 DQG*'7XOL
  $GYDQFHG,QRUJDQLF&KHPLVWU\ 6&KDQG	&RPSDQ\/WG 
5DQJDQD\DNXOX - +LUHPDWK 6 6 DQG 3DXO/  3DUDPHWULF DQDO\VLV DQG D VRIW FRPSXWLQJ DSSURDFK RQ PDWHULDO UHPRYDO UDWH LQ
HOHFWURFKHPLFDOGLVFKDUJHPDFKLQLQJ,QWHUQDWLRQDO-RXUQDORI0DQXIDFWXULQJ7HFKQRORJ\DQG0DQDJHPHQW
:WKULFK 5 DQG )DVFLR 9  0DFKLQLQJ RI QRQFRQGXFWLQJ PDWHULDOV XVLQJ HOHFWURFKHPLFDO GLVFKDUJH SKHQRPHQRQ ± DQ RYHUYLHZ
,QWHUQDWLRQDO-RXUQDORI0DFKLQH7RROV	0DQXIDFWXUH±
